Abstract: Vulnerable habitats and conditions are becoming fragmented and fragile while species behaviors and disrupting mutualisms of long standing are altering. These challenges represent an extraordinary threat to society and a call for urgent discursive shifts between the scientific community and policy makers. It has been indicated that in order to meet the stated climate change targets, global society will needs to get on board the mitigation train. To date, most of the national climate policy initiatives in developing countries, especially in Sub-Saharan Africa, have focused on adaptation, notably through the National Adaptation Programme of Action. Recent however, climate discourses have indicated the significance of synergies between mitigation and adaptation actions with a shift towards developing climate resilient economies or green growth. Therefore, inSub-Saharan Africa, in order for mitigation train to obtain a moral high ground, we need to question how society is getting onboard the adaptation train. Whereas the emergence of adaptation and mitigation linkages brings to focus new prospects for management of farms, crops, livestock, aquaculture and capture fisheries, the prospects for Climate Smart Agriculture is still riddled with local knowledge and data gaps amidst new data capture and knowledge generation opportunities. In this article we discuss these gaps, highlight one promising climate smart innovation, the Bhungroo Irrigation Technology and the most efficient ways by which rural communities could be engaged. It was determined that multistakeholder dialoguing will better be able to facilitate underlying opportunities or challenges supplanting the broader fixation on techno-infrastructural studies with more socio-technical systems thinking.
Study Background; Resilience through Mitigation and Adaptation Synergies
Agriculture remains is a major contributor to climate change, blamable for around a quarter of total anthropogenic GHG emissions (Bogdanski, 2012) . At the same time, the recently released fifth assessment report of the Intergovernmental Panel on Climate Change (IPCC) observes that the effects of climate change on crop and food production are already evident in several regions of the world, with negative effects more common than positive ones, and developing countries highly vulnerable to further negative impacts from climate change on agriculture (IPCC, 2014) . Non-CO2 emissions from agriculture are projected to increase significantly unless there is radical departure from business-as-usual growth options (Smith, et al., 2014) . Climate change, caused mainly by anthropogenic greenhouse gas emissions, is disrupting ecosystem base in new ways. Already, vulnerable habitats and conditions are becoming fragmented and fragile while species behaviors and disrupting mutualisms of long standing are altering. These challenges represent an extraordinary threat to society and a call for urgent discursive shifts between the scientific community and policy makers.
This radical departure will follow the implementation of new practices that enhance the efficiency of input use so that the increase in agricultural output is greater than the increase in emissions (Smith, et al., 2014) . To date, most of the national climate policy initiatives in developing countries, especially in Sub-Saharan Africa (SSA), have focused on adaptation, notably through the National Adaptation Programme of Action (NAPAs). Recent climate discourses have however witnessed a shift from National Adaptation Programme of Action (NAPAs) to initiatives that aim to develop climate resilient economies or low-emission development strategies or green growth. The IPCC AR5 observes that research on the linkages between emission reductions and adaptation is still at an early stage and most of the synergies between adaptation and mitigation are centred on the agricultural and forestry sectors. Since climate change alters the functions of ecological systems, the mitigation and adaptation options also have implications for ecosystem services and environmental resilience. Whereas adaptation and mitigation measures and impacts have place premium on agriculture and forestry, little emphasis has been placed on the link to the ecosystem services that people rely on them (IPCC, 2014).
Multiple objective environmental management can generate benefits for food security, development, adaptation to climate change (microclimate), water management, soil protection, agro-biodiversity protection and assist with carbon storage and greenhouse gas emission reduction (Smith, et al., 2014; IPCC, 2014 ; CCAFS, UNFAO. 2014). It has been observed that regulating ecosystem services such as hydrology or biodiversity, including in the soil, can generate production, adaptation and mitigation co-benefits (Smith, et al., 2014 (Van Aalst, 2006) . At the resent presentation of the WG3 report by the IPCC, it was indicated that in order to meet the stated climate change targets, global society need to get on board the mitigation train. In SSA however, in order for mitigation train to obtain a moral high ground, we need to question how global society is getting onboard the adaptation train.
The concern of this paper is that in SSAs, the ways in which many African farmers are already intensifying their production are economically, socially and ecologically questionable. As the number of smallholder farmers intensify, a cross-cutting question arises: to what extent will this agricultural intensification be sustainable? Preventing such unsustainable agricultural intensification in the near future, requires appropriate technologies that can be applied in the local context to achieve sustainable agricultural intensification (SAI). New technologies will enable farmers to solve not only technical problems for agricultural intensification but also institutional, market-based, and policy-based issues that hamper the creation of a conducive environment and incentives for farmers to unleash their capacities and the potential of their land, where access to water resources is very limited. In fact, it is observed that climate change results in erratic rainfall patterns with a cycle of excess water conditions (flooding) and limited water conditions (drought) in most semi-arid and drylands of Africa (Biplab, 2013) . Many farms are flooded and face waterlogging issues, which limit farming activities during the rainy season. Unfortunately, most of these farmers do not have access to viable irrigation schemes, and thus are again limited to crop during the dry season. These are major technicalities impeding sustainable agricultural intensification in peri-urban areas of these semi-arid and drylands of Africa. However, using technologies like the Bhungroo, an Indian based water storage technology (meaning "straw") or the PAVE (a German counterpart of Bhungroo), waterlogged/ flooded farmlands may be freed from excess water conditions during the rainy season, by storing this excess water naturally underground in unsaturated layers of soil, and pumping it for farming during the dry season. Bhungroo irrigation technology comes in with a climate smart socio-technical option through which excess water from farm plots are injected underground in monsoon period with an objective that standing crop of the farmers is saved. It works on injection module. The general design of BIT is based on the hydrogeological structure of candidate sites for BIT (Biplab, 2013) . Thus the availability and sufficiency of data on the selected sites is crucial to the design success.
It has been observed that in the next 20 years, increasing the productivity and incomes from smallholder crop, livestock, fishery and forestry production systems will be very crucial to achieving global food security. Most of the world's rural communities are directly or indirectly dependent on agriculture which is provisioned, supported or complemented by ecosystem services (CCAFS, UNFAO, 2014). Thus the lack of emphasis on community roles in ecosystem enhancing agriculture should be of significant concern. Also, what is most "climate-smart" depends strongly on biophysical and socio-economic contexts. Whereas the emergence of adaptation and mitigation linkages brings to focus new prospects for management of farms, crops, livestock, aquaculture and capture fisheries, the prospects for CSA is still riddled with local knowledge and data gaps essential for advancing ecosystem services.
In this article we discuss these linkages, highlight one promising climate smart innovation (the Bhungro Irrigation Technology -BIT) that enhance ecosystem services and the most efficient ways by which rural communities could be engaged. We focus attention on the essential knowledge and data gaps required to bolster the benefits of climate smart options. This paper leans on a multi-level modified participatory appraisal tools and methods that enable rural people to share, analyse and enhance their knowledge on CSA options. Data was collected using an evaluation questionnaires from influencer group dialogue platforms and community level resource user groups. It included 6 influencer group dialogue sessions and 6 community level resource user group discussion for up to 8 and 12 people respectively. These dialogues pooled stakeholders to clarify the micro and macro-level data and knowledge gaps and the changes they are supporting in the broader governance framework for sustainable agricultural intensification. In analysis, the study adopts a mix of qualitative conceptual modeling as a visual descriptions applying factor analysis including Principal Component Analysis (PCA) to establish simple patterns in local knowledge and data capture capacities for enhanced through CSA innovations or options. 
Capturing and Sharing Technical Knowledge with Modest Tools
The study observed that agro-ecological farming systems are very knowledge intensive, and require capacity-building and strong local institutional involvement in capturing accurate, reliable and realtime or near real-time data on the preconditions as well as the performance of CSA options such as the BIT. Even though, data has been highlighted as an essential element of enhancing ecosystem services from BIT, it is not just data that is lacking. A successful deployment and upscalling of BIT in Ghana for instance requires a supporting enabling policy frameworks that may be different from the case of India. For that reason, an assessment methodology needs to be developed to demonstrate under which circumstances (how, where and when) the obtainable data modes could be applied to acquire and share knowledge on climate risk resilience, resource use efficiencies and livelihood advancements from CSA options such as BIT.
This study observed that the modes of data capture and knowledge sharing in local communities have changed significantly. However, there is no single best mode of data capture or knowledge sharing that is best for all. The selected mode depends on prevailing local situations such as: Availability of the data capture mode, initial cost acquisition, operational costs, ease of use for local communities, frequency of use, reliability, delivery time, output quality, availability of supporting services, accessibility of supporting services. Figure 1 .1 summarizes the data capture ratings of three local community groups (farmers' association, water user association and women's groups. Table 1 .1 to 1.3 presents a detailed data generation capacity of three local community groups (farmers' association, water user association and women's groups). These groups demonstrated quite different data gathering capacities. As shown in tables 1.1 to 1.3 above, the end user rating for mobile phone applications in collecting ecosystem-based data is deemed more applicable. Evidently, the increased mobile penetration in Ghana has had a significant effect on the capacity of local communities to support the gathering of data on various ecosystem variables and scenarios offering collaborative solutions based on networks (of people, of ideas, of sensors), enabling new forms of social innovation. It was observed that this capacity could be enhanced by developing communication decision support system built with instant messaging mobile applications like whatsapp. This application has massive popularity and usage even among rural mobile phone users. Creating such a virtual innovation platform could facilitate simple icon-based and image-rich data capturing and real-time or near real-time information sharing on the ecosystem services from climate smart innovations like BIT. It will be supported with coordinated field verification trips to validate data. This data will be used to generate quarterly GIS maps on the scales patterns of ecosystem services from BIT projects. It will contribute to improving decision making speed and facilitate fact-based decision making for private sector organisations, government departments, communities and other external actors.
Addressing the New Knowledge and Data Ownerships in Climate Smart Agriculture
The existing evidences indicate that in the case of highly context dependent CSA innovations like BIT, expanding the evidence base in different localities is a crucial element for measuring the effects of this innovation on ecosystem resilience and ecosystem services advancement. One of the key pieces of information that agricultural policy makers need, and often lack, are the current and near-future projected effects of climate change in their country, and the implications for the agricultural priorities and programs of the country. Factors such as increasing rainfall variability, delayed onset of the rainy season, and increasing seasonal maximum temperatures, are all examples of climate change impacts that are already being realized and different responses are needed for effective adaptation for each of these (Biplab, 2013 and Osei-Owusu, 2014). Identifying effective adaptation options to maintain and enhance the capacity of agriculture to generate productivity and income increases needed for food security is thus one fundamental objective of the CSA evidence base. The role local communities in gathering data to support the role out of climate smart options thus becomes more essential. Given the requires capacity boost, local communities will be able to collaborate with academia, research centers, policy makers, the media and government departments in generating quality data on various climate phenomena. This collaboration will be useful in developing recommendations on the type of practice or change in agricultural systems needed for climate smart options like BIT.
As the concept of sustainable development includes current and future generations, the impacts of CSA over time also need to be considered. The study confers with the rather broader perspective that in implementing climate smart Licensed Under Creative Commons Attribution CC BY adaptation options, landscape approaches and incentives are needed for a coordinated management of various land-based ecosystem services. These approaches may require tradeoffs, which would need to be explicitly quantified and addressed through negotiated solutions among various stakeholders. The scaling up of landscape approaches requires knowledge management and institutional capacity and must be backed up by an enabling policy and market environment. Coordinating sectoral policies is key to aligning the different goals.In determining appropriate siting of BIT, it is imperative to undertake a robust risk and vulnerability assessment of candidate sites. This is domain that is still less understood as far as BIT implementation in Ghana is concerned. Also, a successful implementation of BIT in Ghana will requires the development of supportive policies and plans, as well as coordination across processes and institutions responsible for agriculture, climate change, food security and land use, to avoid contradictions or inconsistencies. This is accomplished through dialogue amongst key stakeholders in a participatory process to build consent in identifying and managing tradeoffs and capturing any synergies across major policy efforts for agriculture and climate change.
In the final analysis, inclusion of resource managers and value-chain participants (farmers associations, water user associations women's groups, etc.), including the private sector is crucial. Setting up Multi-Stakeholder Dialogue (MSD) platforms is supposed to play a vital role in this process. Informal institutions will continue to exist, find a way to improve and/or influence the dynamics of SAI. What is needed therefore is for formal institutional processes and reforms to engage informal institutions more strongly through MSDs in order to make them work better and filling the essential gaps that otherwise would create a local capacity deficit. Cultivating and maintaining a dynamic and integrative interaction process need to become the new orientation of MSD platforms both at the national and local levels. Simple Participatory Decision Support Systems (PDSS) which target specifically the interface between science and practitioners could bring substantial gains as they increasingly provide operational solutions to support policy makers in dealing with the complex problems of the socio-ecosystem at various scales. With the adoption of PDSS, MSD processes will be able to provide a framework for the organization of information and knowledge (multisource spatial and temporal data) and support policy or decision makers in the assessment of plausible management strategies. MSD combined with PDSS will better be able to facilitate underlying opportunities or challenges supplanting the broader fixation on techno-infrastructural studies with socio-technical systems thinking.
